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signaling and other pathways that dynamically respond to time-varying inputs.
We experimentally demonstrated temporal pulse generation in a synthetic
microRNA-based IFFL and thus showed that the same miRNA can participate
both in the generation of transient gene expression pulses in response to
a change in an upstream regulator and in buffering steady state expression
levels against such changes. We further showed that it is possible to modulate
pulse shape and fine-tune steady state levels by independently controlling the
relative expression levels of the miRNA, its upstream regulator, its downstream
target, and the interactions between them.
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Gene Expression Genomics
Sarah A. Teichmann.
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Gene expression levels are subject to gross regulation as well as fine-tuning.
Internal and external sources of noise are superimposed on top of transcriptional
control mechanisms. Data mining of transcriptomic and epigenomic measure-
ments yield insights into general principles of regulation of gene expression.
Control of expression levels is exerted through a combination of transcription
factors against a background of repression by nucleosomal histones. We have
analyzed to what extent the intrinsic DNA binding preferences of yeast TFs and
histones play a role in determining nucleosome occupancy, in addition to
nonintrinsic factors such as the enzymatic activity of chromatin remodelers
(Charoensawan et al., Mol. Cell, 2012).
Transcription factor and epigenetic control in animal cells gives rise to two
major expression levels, which vary by roughly one to two orders of magnitude.
This gives rise to bimodal distributions of gene expression levels in cell popu-
lations (Hebenstreit et al., Mol Sys Biol., 2011). Analysis of histone modifica-
tions by ChIP-seq indicates that activating modifications such as H3K9/14ac
and H3K4me3 are involved in this ‘digital’ expression switch (Hebenstreit et
al., Nucleic Acids Res, 2011).
These findings have broad implications for the analysis RNA-seq and ChIP-seq
data, and for the understanding of the regulation of gene expression in eukary-
otic cells.
Platform: Imaging & Optical Microscopy -
Technology
2742-Plat
Reductive Caging enables Ultra-Bright Photoactivatable Fluorophores for
Superresolution Imaging
Joshua Vaughan, Shu Jia, Xiaowei Zhuang.
Harvard University, Cambridge, MA, USA.
FromGFP to intracellular sensor dyes, developments in fluorescent probes have
been major driving forces in imaging-based biological research. Recently, pho-
toswitchable fluorophores have enabled super-resolution imaging based on the
sequential localization of individual fluorescent molecules (STORM, PALM,
etc.), such that researchers may now use widely available commercial instru-
mentation to study biological structures at ~20-50 nm distance scales.
We report a chemical strategy for fluorophore caging by reduction that creates
photoactivatable fluorescent probes with ultrahigh photon yields. The caging
process is achieved simply and rapidly by treating a labeled sample with an
aqueous reducing agent to convert the fluorophores to a long-lived reduced
and nonfluorescent form. Upon photoactivation, these probes can provide up
to 1,700,000 detected photons per photoswitching event and allow localization
precision as high as 1-2 nm. The photon yield is 2-3 orders of magnitude higher
than previously available photoswitchable/photoactivable probes. The im-
proved image resolution allows biomolecular structures previously unobserv-
able by super-resolution fluorescence microscopy to be resolved now. The
novel reductive caging and photoactivation method is broadly applicable to
many fluorophores spanning the visible spectrum.
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Developing Photoactivatable Fluorescent Proteins for Diffraction-Limited
and Superresolution Imaging
Pingyong Xu, Xi Zhang, Mingshu Zhang, Tao Xu.
Institute of biophysics, Beijing, China.
Photoactivatable fluorescent proteins (PAFPs) are molecules that switch to
a new fluorescent state in response to specific light activation, and play vital
roles in super-resolution imaging. There are three classes of PAFPs: dark-to-
bright photoactivators (PAFPs), irreversible photoconverters (PCFPs), and re-versible highlighters (RSFP). However, compared to traditional fluorescent
proteins (such as GFP or RFP), only limited PAFPs are available for super-
resolution microscopy.
Previously, we developed several novel PAFPs, mGeos, with various switching
rates, photon numbers and brightness1. And based on the crystal structure of
green state mEos2, we evolved two truly monomeric and bright RSFPs,
mEos3.1 and mEos3.2, with the good photochemical properties including rapid
maturation rate, high photon budget and extremely high labeling density2. Here
we present new generation of mGeos2 which are true monomeric PAFPs. These
novel fluorescent proteins are suitable for both single color and dual color
PALM superresolution imaging, and have a broad brand of applications in
traditional fluorescence microscopy such as dynamic tracking and pulse chase
labeling of proteins.
1. Chang H, ZhangM, Ji W, Chen J, Zhang Y, Liu B, Lu J, Zhang J, Xu P, Xu T,
A new series of reversibly switchable fluorescent proteins with beneficial
properties for various applications, Proc Natl Acad Sci U S A. 2012 Mar
20;109(12):4455-60.
2. Zhang M, Chang H, Zhang Y, Yu J, Wu L, Ji W, Chen J, Liu B, Lu J, Liu Y,
Zhang J, Xu P, Xu T. Rational design of true monomeric and bright photoacti-
vatable fluorescent proteins. Nat Methods. 2012 May 13;9(7):727-9.
2744-Plat
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Lens-based fluorescence microscopy, which has long been limited in resolution
to> 200 nanometer by diffraction, is rapidly evolving into a nanoscale imaging
technique. Here, we show that emergent RESOLFT fluorescence microscopy
enables fast and continuous imaging of sensitive, nanosized features in living
brain tissue. using low intensity illumination to switch photochromic fluores-
cent proteins reversibly between a fluorescent ON-state and a non-fluorescent
OFF-state, we obtained more than a 3-fold increase in all three spatial dimen-
sions over that of confocal microscopy. Dendritic spines located 10-50 mm deep
inside living organotypic hippocampal brain slices were recorded for hours
without signs of degradation. using a fast-switching fluorescent protein
increased the imaging speed 50-fold over reported RESOLFT schemes, which
in turn enabled us to record spontaneous and stimulated changes of dendritic
actin filaments and spine morphology occurring on time scales from seconds
to hours.
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SW 2PE-STED Nanoscopy
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With this work we present a new approach to two-photon excitation - stimu-
lated emission depletion microscopy (2PE-STED), exploiting the very same
wavelength for excitation and depletion [1]. It is well known that two-photon
excitation (2PE) fluorescence microscopy is a technique particularly suitable
for three-dimensional (3D), deep tissue and in vivo imaging applications. Since
2009, 2PE microscopy has been proposed coupled with stimulated emission de-
pletion (STED) technique, bringing the super-resolution ability to the multi-
photon excitation technique [2, 3].
Unfortunately, the use of two distinct wavelengths for excitation and depletion
requires mostly a special optical filter design to make the setup invariable in
terms of the choice of the marker dye and potential light beam distortions
have to be treated separately. Working with only just one wavelength for exci-
tation and STED one would directly simplify the imaging formation scheme.
We propose an imaging method to perform 2PE-STED imaging using a single
wavelength (SW) and, consequently, the very same laser source for 2P excita-
tion and depletion. We show that this method allows super-resolved imaging
using a standard fluorophore like ATTO647n achieving a resolution below
80nm. Therefore it allows an easy coupling to a conventional commercial con-
focal microscope. The SW 2PE-STED nanoscopy is a promising technique to
better actively control distortions when imaging thick highly scattering speci-
mens, it will allow foreseeing advances in the imaging of thick specimens at
nanoscale resolution.
[1] P. Bianchini, B. Harke, S. Galiani, G. Vicidomini, and A. Diaspro, ‘‘Single-
wavelength two-photon excitation-stimulated emission depletion (SW 2PE-
STED) superresolution imaging’’, PNAS 109, 6390-6393 (2012).
[2] G. Moneron and S. W. Hell, ‘‘Two-photon excitation STED microscopy,’’
Opt Express 17, 14567-14573 (2009).
Wednesday, February 6, 2013 535a[3] J. B. Ding, K. T. Takasaki, and B. L. Sabatini, ‘‘Supraresolution imaging in
brain slices using stimulated-emission depletion two-photon laser scanning
microscopy,’’ Neuron 63, 429-437 (2009).
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Superresolution fluorescence microscopy overcomes the diffraction resolution
barrier and allows the molecular intricacies of life to be revealed with greatly
enhanced detail. However, many current superresolution techniques still face
limitations and their implementation is typically associated with a steep learn-
ing curve. Patterned illumination-based superresolution techniques [e.g., stim-
ulated emission depletion (STED), reversible optically-linear fluorescence
transitions (RESOLFT), and saturated structured illumination microscopy
(SSIM)] require specialized equipment, whereas single-molecule-based
approaches [e.g., stochastic optical reconstruction microscopy (STORM),
photo-activation localization microscopy (PALM), and fluorescence-PALM
(F-PALM)] involve repetitive single-molecule localization, which requires its
own set of expertise and is also temporally demanding. Here we present a super-
resolution fluorescence imaging method, photochromic stochastic optical
fluctuation imaging (pcSOFI). In this method, irradiating a reversibly photo-
switching fluorescent protein at an appropriate wavelength produces robust
single-molecule intensity fluctuations, from which a superresolution picture
can be extracted by a statistical analysis of the fluctuations in each pixel as
a function of time, as previously demonstrated in SOFI. This method, which
uses off-the-shelf equipment, genetically encodable labels, and simple and
rapid data acquisition, is capable of providing two- to threefold-enhanced
spatial resolution, significant background rejection, markedly improved con-
trast, and favorable temporal resolution in living cells. Furthermore, both 3D
and multicolor imaging are readily achievable. Because of its ease of use and
high performance, we anticipate that pcSOFI will prove an attractive approach
for superresolution imaging.
P. Dedecker et al, PNAS 109:10909 2012.
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Focal adhesions mediate cell-ECM interaction through a complex protein net-
work and have been well studied in terms of protein functions and interactions.
The protein organization within focal adhesions was a subject of state of the art
super resolution methods due to its thin structure well below diffraction limit.
However, most of the current super resolution approaches rely on either sophis-
ticated optics or photoactivable compounds, limiting their application.
In this work we present a phasor-based method to determine the precise axial
position of focal adhesion proteins using conventional confocal microscope.
3D image stacks with small axial step size (50 nm or lower) were acquired.
For each pixel, the intensity along the axial axis was Fourier transformed.
The first harmonic of the transform was represented as phasor, and the angle
difference was used for calculating the relative axial center-of-mass position
of the fluorescence compound. The resolution of the axial position depends
on the photons collected and the pixel size along the axial axis. For a flat fluo-
rescence surface, the pixel standard deviation of axial position is between 60 to
100 nm, depending on the signal level. After averaging and filtering, the stan-
dard deviation of the mean position can be in the 10 nm range.
The phasor method was applied to paxillin-GFP expression and F-actin at focal
adhesions. The standard deviation of paxillin axial location is similar to the flat
fluorescence surface tested, while F-actin shows a sharp increase in height
towards cell center. With proper reference, accurate fluorescent protein axial
position comparison can be made across samples. This method also provides
an alternative way to present 3D image based on center-of-mass topography
rather than intensity.
With the advantage of simple data acquisition, this phasor method could have
wide dissemination and application potentials.
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Fast 3D Single Molecule Tracking with Multifocal Plane Microscopy in
Polarized Epithelia Reveals a Novel Cellular Process of Intercellular
Transfer
Sripad Ram1,2, Dongyoung Kim2,1, E. Sally Ward1, Raimund J. Ober1,2.
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Richardson, TX, USA.The study of intracellular trafficking processes represents a fundamental prob-
lem in many areas of biomedical research. Single molecule imaging approaches
are well suited to study heterogeneous processes in live cells. However, 3D sin-
gle molecule imaging of intracellular trafficking events in a thick sample such
as an epithelial-cell monolayer poses several technical challenges. Specifically,
we require a methodology that not only enables fast 3D tracking of single
molecules across a cell monolayer, but also enables the imaging of the cellular
environment with which the single molecule interacts. Current approaches that
are widely used for 3D single molecule imaging/tracking are not well suited for
studying the intracellular trafficking pathways due to restricted imaging depth,
poor temporal resolution, and the ability to track only a few molecules at one
time. Here we show that multifocal plane microscopy (MUM), a 3D imaging
modality developed by our group, provides the much needed solution to this
longstanding problem by demonstrating fast 3D tracking of quantum dot
labeled transferrin molecules in a ~10 micron thick epithelial cell monolayer.
The use of MUM led to the unexpected discovery of a novel cellular process,
intercellular transfer, that involves the rapid exchange of Tf molecules between
two adjacent cells in the monolayer. We also report 3D single molecule track-
ing of endocytosis and exocytosis at the lateral plasma membrane of cells in the
monolayer. This lateral membrane has been notoriously difficult to image with
other cellular imaging modalities. A detailed characterization of these events
based on the temporal and 3D intracellular spatial behavior of Tf molecules
has been made. The methods and approaches used in this study have broad ap-
plicability to investigate 3D trafficking pathways in other cell systems and
models.
2749-Plat
Understanding Switching Variability in dSTORM Type Microscopy
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Single molecule localization based on switching of conventional dyes
(dSTORM/RPM/GSDIM) is one of the simplest super-resolution methods.
dSTORM relies on a buffer containing thiol and an oxygen scavenging system
to facilitate switching with one limitation of the technique being variability in
switching behavior. Careful preparation helps, but mountant failures occur suf-
ficiently often that differentiating between poor labeling and non-functioning
mountant can be hard. Combining computational modeling with simple assays
of both [thiol] and [O2] has yielded insight into the causes of this variability.
Our numerical model predicts that switching will not occur at nominal [thiol]
and [O2] because both bright and dark states are too short lived. It also predicts
dye-mediated consumption of oxygen and thiol, allowing switching after an ini-
tial depletion period. In experimental measurements, [thiol] decays rapidly with
a concomitant reduction in dissolved oxygen. In the absence of either dye or
enzymatic scavengers, this decay has a half life ranging from ~20 mins to
2 hrs. The reaction is significantly accelerated by trace amounts of redox-
active dye. We find these thiol-dye-oxygen reactions considerably more
effective at scavenging oxygen than enzymatic scavangers, with the thiol-
dye-oxygen system exhibiting both a faster rate and a much lower final [O2].
Literature on thiol use in radiation therapy suggests that thiol decay results from
radical induced chain reactions with dissolved oxygen. Radical induction and
chain propagation offer a plausible explanation for the high variability in
half life and the acceleration conferred by trace amounts of dye. The ability
of thiol based scavenging to achieve a lower [O2] than enzymatic scavangers,
combined with the observation that many dyes blink in the absence of enzymes,
raises the interesting possibility that thiol might set end [O2] with enzymes act-
ing to preserve [thiol] during initial stages of depletion.
Platform: Protein-Lipid Interactions II
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Membrane Physical Properties Influence Transmembrane Helix
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The pHLIP peptide has three states: (I) soluble in aqueous buffer, (II) bound to
the bilayer surface at neutral pH, and (III) inserted as a transmembrane (TM)
helix at acidic pH. The membrane insertion of pHLIP at low pH can be used
to target the acidic tissues characteristic of different diseases, such as cancer.
We find that the a-helix content of state II depends on lipid acyl chain length
but not cholesterol, suggesting the helicity of the bound state may be controlled
by the bilayer elastic bending modulus. Experiments with the P20G variant
show the proline residue in pHLIP reduces the a-helix content of both states
II and III. We also observe that the membrane insertion pKa is influenced by
membrane physical properties, following a biphasic pattern similar to the
membrane thickness optima observed for the function of eukaryotic membrane
